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Abstract
OBJECTIVE: To investigate the effects of combined
acupuncture and eugenol on learning-memory
ability and the antioxidation system of the hippo-
campus in Alzheimer disease (AD) rats.
METHODS: Sixty Sprague Dawley rats, weighing
(300±10) g, were randomly divided with 10 rats per
group into a normal control group, AD model
group, AD with cut olfactory nerve group, Xiu
three-needle group, eugenol group, and combined
acupuncture and eugenol group. The AD model
was established by injection of amyloid β1-40 (Aβ
1-40). Morris maze tests were conducted for evalu-
ating the learning-memory ability. Content of malo-
ndialdehyde (MDA) and activities of superoxide dis-
mutase (SOD) and glutathione peroxidase (GSH-Px)
in the hippocampus were detected.
RESULTS: The average escape latency and the
mean swimming distance in the normal control
group, the Xiu three-needle group, the eugenol
group, and the combined acupuncture and euge-
nol group were significantly shorter than those in
the AD model group (all P<0.01). The combined
acupuncture and eugenol group had shorter es-
cape latency and mean swimming distance than
those in the Xiu three-needle group and the euge-
nol group. There were no significant differences be-
tween the Xiu three-needle group and the eugenol
group and between the AD group and the AD with
cut olfactory nerve group (P>0.05). Compared with
the normal control group, the MDA content in the
hippocampus significantly increased (P<0.05) and
GSH-Px and SOD activities significantly decreased
in the AD model group (P<0.01). Compared with
the AD model group, significantly decreased (P<
0.01) and SOD and GSH-Px activities significantly in-
creased in the Xiu three-needle group, eugenol
group, and combined acupuncture and eugenol
group (P<0.05). Compared with the Xiu three-nee-
dle group and eugenol group, the MDA content sig-
nificantly decreased (P<0.05) and SOD and GSH-Px
activities increased (P<0.05) in the combined acu-
puncture and eugenol group. There were no signifi-
cant differences among the three indices between
the Xiu three-needle group and the eugenol group
and between the AD model group and the AD with
cut olfactory nerve group (P>0.05).
CONCLUSION: Both Xiu three-needle and eugenol
can increase learning-memory ability, decrease
MDA content, and increase SOD and GSH-Px activi-
ties in the hippocampus in AD rats. The combina-
tion of acupuncture with eugenol has stronger ef-
fects, and the effects depend on the olfactory path-
way.
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INTRODUCTION
Alzheimer disease (AD) is a chronic disease of the cen-
tral nerve system that severely endangers health and
quality of life. Studies on AD indicate that peroxida-
tive injury induced by free radicals is one of the main
pathologic mechanisms.1 We previously carried out
clinical and experimental studies on Xiu three-needle
therapy and olfactory sensation stimulation therapy for
different patients. 2-4 In the present study, we investigat-
ed the effects of combined acupuncture and eugenol
on stimulating the olfactory system and its effects on
learning-memory and the antioxidation system of the
hippocampus in AD rats.
MATERIALS ANDMETHODS
Animals and grouping
Sixty adult Sprague Dawley rats, weighing (300±10) g,
were supplied by the Experimental Animal Center, the
Fourth Military Medical University and were randomly
divided into six groups with 10 rats in each group. The
groups were: normal control group, AD model group,
AD with cut olfactory nerve group, Xiu three-needle
group, eugenol group, and combined acupuncture and
eugenol group.
Main reagents and instruments
Amyloid β1-40 (Aβ1-40) was purchased from the Bei-
jing Zhongsan Jinqiao Bio-technique Company. Euge-
nol with a purity of 99% was purchased from Jiangxi
Province Zhangsu City Herbal Natural Medical Oil
Factory. Kits for malondialdehyde (MDA) content and
glutathione peroxidase (GSH-Px) and superoxide dis-
mutase (SOD) activities were purchased from Nanjing
Jiancheng Bio-engineering Academy. SDQ-30 bipolar
radiofrequency electric coagulator was purchased from
Shanghai Surgical Instrument Factory. A Morris maze
test system was produced by Beijing Modern Taiji Elec-
tric Company, Ltd. A 722 grating spectrophotometer
was purchased from Shanghai Third Analytical Instru-
ment Factory.
Preparation of AD rat model 5
Aβ1-40 was dissolved in sterile distilled water (5 g/L)
and incubated at 37℃ for 48 h, changing Aβ once co-
acervates formed. Rats were anaesthetized by intraperi-
toneal injection of 10% chloral hydrate in 0.4 mL/100 g
body weight and fixed on a stereotaxic apparatus. With
routine sterile manipulation, the skin was cut and the
left hippocampus was selected as the injection target
(3.5 mm behind the anterior fontanelle, 2.0 mm later-
al to the left of median raphe, 2.8 mm below pachyme-
ninx) in reference to Stereotaxic Atlas of the Rat edited
by Bao et al 6 Two small holes with a diameter of 1 mm
on the corresponding position of the skull were opened,
and 2 μL (10 μg) Aβ1-40 was slowly (0.5 μL/min) in-
jected vertically at a depth of 2.8 mm by a microinjec-
tor. The injector needle was retained for 5 min for full
diffusion of the solution, slowly withdrawn (3 min),
and the cut was sutured. Penicillin was applied to the
operation site, and the rat was routinely raised.
Preparation of rat model with cut olfactory nerve
In reference to the method of cutting the olfactory
nerve reported by Xian et al 7 the AD rat was anaesthe-
tized with chloral hydrate and fixed on a stereotaxic ap-
paratus. The skin on the center of the skull was cut, a
small area was separated, and the anterior fontanelle
was explored. At 2 mm lateral, 5 mm anterior to the
anterior fontanelle on the midline of the skull, two
small holes with a diameter of 1 mm were drilled to ex-
plore the olfactory bulb. The dura mater of the anteri-
or extremity of the olfactory bulb was lifted with for-
ceps and the olfactory nerve was cut, avoiding damage
to the olfactory bulb as much as possible. We stopped
bleeding with gelfoam pressing, penicillin and strepto-
mycin were applied to the wound, and it was sutured.
Skulls of rats in the normal control group were drilled
and skin was sutured, but the olfactory bulb and olfac-
tory nerve were not injured. For the Xiu three-needle
group, the eugenol group, and the combined needle
and eugenol group, AD model rats were used.
Treatment methods
The rats were raised adaptively for 3 days before the ex-
periment.
For the Xiu three-needle group, bilateral Yingxiang (LI
20) and Yintang (EX-HN3) were selected. In reference
to the criteria of acupoint selection stipulated by Li8
Yingxiang (LI 20) was located at the superior extremi-
ty, lateral to the nares, at the junction between hair and
no hair. Yintang (EX-HN3) was located at the intersec-
tion of the two midpoints of the upper margins of the
orbits with the midline. Huatou stainless-steel filform
needles were used (0.32 mm diameter, 15 mm length
of needle body). For needling Yingxiang (LI 20), the
needle was inserted obliquely 0.3 cm towards the medi-
al upper. For needling the Yintang (EX-HN3), we hori-
zontally inserted the needle 0.3 cm facing towards the
nose root. A G6805 electroacupuncture treatment ap-
paratus produced by Shanghai Medical Instrument Fac-
tory was used. The stimulating parameters were:
sparse-dense, frequency of 80-100 Hz, stimulating in-
tensity keeping a slight vibration of the needle (current
intensity: 1-3 mA, voltage: 1-3 V). The treatment con-
sisted of six courses. Each course lasted 7 days includ-
ing 5 days treatment and an interval of 2 days. Each
stimulation lasted 10 min, once per day.
For the eugenol group, a thin layer of medical cotton
was spread on the bottom of an experimental box with
two air vents. Eugenol solution was evenly sprayed on
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the medical cotton and a metal-net stand was placed
over it. After the eugenol diffused throughout the box,
the experimental animals were placed on the metal
stand with the cover closely sealed. Ten min later, the
animals were taken out. This was repeated once each
day, with 5 days constituting a course and an interval
of 2 days, for six courses.
For the combined acupuncture and eugenol group, the
rats were treated with Xiu three-needle and then with
eugenol.
For the AD with cut olfactory nerve group, the rats
were treated with the same method as those in the com-
bined acupuncture and eugenol group.
For the normal control group and the AD model
group, the rats were grasped once each day with the
same method as the above three groups without any ad-
ditional interference.
Morris maze place navigation test 9
At the end of the treatment, Morris maze test was con-
ducted in a Morris maze with a 41 cm depth and water
temperature of 22℃-26℃. The pool was equally divid-
ed into four quadrants by four inlets marked on the
pool wall and a platform was placed on the center of
each quadrant and sunk to 1 cm. The tested rats facing
the pool wall were placed clockwise into the water in
the order of E, S, W, and N. The time searching for
the platform within 2 min (escape latency) was record-
ed. If the rat found the platform within 2 min, the real
escape latency and the swimming distance were record-
ed. If the rat could not find the platform within 2 min,
the rat was led to the platform, allowed to stay for 10 s,
and the escape latency was recorded as 2 min. The test
was conducted once each day, for six sessions. The aver-
age escape latency and swimming distance of the six
sessions were used for assessment of learning-memory
ability.
Determination of antioxidation system in
hippocampus
After decapitation, the whole brain was rapidly re-
moved and the hippocampus was separated on an ice
plate and weighed. The hippocampus was made into
a 10% homogenate with saline and centrifuged for
20 min at 3000 rpm, 4℃. The supernatant was tak-
en and stored at －80℃ for detection. MDA content
was detected with the thiobarbituric acid method
(TBA). GSH-Px activity was determined with the
dithiodinitrobenzoic acid method (DTNB), and
SOD activity with the xanthine oxidase method. The
kits for detection of the three indices were purchased
from Nanjing Jiancheng Bio-engineering Academy
and the determination was performed according to
the directions.
Statistical method
SPSS12.0 software was used and the data were ex-
pressed as mean±standard deviation ( xˉ ±s). One-factor
analysis of variance was used for comparison between
groups.
RESULTS
Comparison of escape latency and swimming
distance among the groups
The escape latency and the swimming distance in the
normal control group were significantly shorter than
those in the AD model group (P<0.01). In the Xiu
three-needle group, the eugenol group, and the com-
bined acupuncture and eugenol group, the escape laten-
cy and the swimming distance was significantly shorter
than those in the AD model group (P<0.01). In the
combined acupuncture and eugenol group, escape la-
tency and the swimming distance were orter than the
Xiu three-needle group and the eugenol group (P<
0.05). There were no significant differences between
the Xiu three-needle group and the eugenol group, and
between the AD model group and the AD with cut ol-
factory nerve group (P>0.05) (Table 1).
Comparison of MDA content and GSH-Px, SOD
activities in the hippocampus among the groups
Compared with the normal control group, MDA con-
tent in the hippocampus was significantly increased
(P<0.01) and GSH-Px and SOD activities were sig-
nificantly decreased (P<0.01) in the AD model
group. Compared with the AD model group, MDA
content was significantly decreased (P<0.01) and
GSH-Px and SOD activities were significantly in-
creased (P<0.01) in the Xiu three-needle group, the
eugenol group, and the combined acupuncture and
eugenol group. Compared with the Xiu three-needle
group and the eugenol group, MDA content was de-
creased (P<0.05) and GSH-Px and SOD activities
were increased (P<0.05) in the combined acupunc-
ture and eugenol group. There were no significant
differences in MDA content and GSH-Px and SOD
activities between the Xiu three-needle group and the
eugenol group, and between the AD model group
Group
Normal control
AD model
AD cutting
olfactory nerve
Xiu three-needle
Eugenol
Combined
acupuncture
and medicine
n
10
10
10
10
10
10
Escape latency
(s)
16±7a
115±14
122±15b
63±12a
69±14ac
55±11ad
Swimming
distance (cm)
103±17a
169±17
172±15b
125±12a
131±14ac
115±15ad
Table 1 Comparison of escape latency and swimming dis-
tance among the groups ( xˉ ±s)
Notes: AD: Alzheimer disease. Compared with the AD model
group, aP<0.01, bP>0.05; compared with the Xiu three-needle
group, cP>0.05; compared with the Xiu three-needle group and
the eugenol group, dP<0.05.
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and the AD with cut olfactory nerve group (P>0.05)
(Table 2).
DISCUSSION
One of the pathological mechanisms of AD is hyperoxi-
dation injury induced by free radicals.1 Studies indicate
that both sedimentation of amyloid β (Aβ) and the in-
tertwinement of nerve fibers, the main pathogenesis of
AD, are related to hyperoxidation injury induced by
free radicals.10 Experiments in vitro and in vivo show
that sedimentation of Aβ can cause formation of extra-
cellular free radicals, leading to lipid hyperoxidation in-
jury of cell membranes, changes in permeability of cell
membranes, and apoptosis of neurons.11 At the same
time, the end products such as MDA are found in the
nerve fiber intertwinement region in the brain of AD
patients, confirming that the pathological changes of
AD are closely related to hyperoxidation injury in-
duced by free radicals.12 Study of MDA has found that
it can cross-link proteins and nucleic acids, directly in-
fluencing transmission, transcription, and replication,
which manifests as a decrease of memory and intelli-
gence. SOD and GSH-Px are important antioxidative
metal enzymes that clear free radicals in organisms,
which helps avoid hyperoxidation injury.13-14 Our previ-
ous clinical research showed that Xiu three-needle had
obvious therapeutic effects on olfactory dysfunction
and cognitive dysfunction in AD patients.15 Moreover,
the effects of Xiu three-needle on the cholinergic sys-
tem in the AD model rat were investigated.16 In the
present study, we observed the effects of combined Xiu
three-needle and eugenol stimulation on relative indi-
ces of hyperoxidation injury induced by free radicals in
the AD model rat. This provides an experimental basis
for exploring a new TCM clinical method for the pre-
vention and treatment of AD.
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Group
Normal control
AD model
AD cutting olfactory nerve
Xiu three-needle
Eugenol
Combined acupuncture and medicine
n
10
10
10
10
10
10
MDA (nmo/mL)
2.11±0.12a
3.46±0.15
3.51±1.12b
2.37±0.26a
2.42±0.31ac
2.24±0.12ad
GSH-Px (μmoL/mg)
4.45±1.28a
2.61±0.58
2.66±0.62b
3.38±1.12a
3.42±0.36ac
4.26±1.15ad
SOD (nU/mL)
64.66±3.22a
35.16±2.12
36.88±2.24b
47.06±2.28a
47.21±2.12ac
57.09±2.11ad
Table 2 Comparison of MDA content and GSH-Px and SOD activities in the hippocampus among the groups ( xˉ ±s)
Notes: AD: Alzheimer disease; MDA: malondialdehyde; GSH-Px: glutathione peroxidase; SOD: superoxide dismutase. Compared with
the AD model group aP<0.01, bP>0.05; compared with the Xiu three-needle group, cP>0.05; compared with the Xiu three-needle group
and the eugenol group, dP<0.05.
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